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ABSTRACT 


\ 

An  examination  of  the  coronal  and  prominence  emission  spectrograms 
containing  all  known  cases  of  the  yellow  coronal  emission  line  (5691;  Ac) 
taken  at  the  Climax  and  Sacramento  Peak  Observatories  revealed  that 
prominences  accompanied  each  yellow-line  emission  and  that  about  80j6  of 
these  prominences  showed  abnormal  si^itline  velocities#  It  also  showed 
that  in  a  large  number  of  cases  the  red  (63?U)  and  green  (5303)  coronal 
lines  had  maxima  at  the  position  at  which  the  yellow  line  was  observed# 
Doppler  shifts  vrare  present  in  the  red  coronal  line  in  lQJf  of  the  cases 
examined  and  a  small  number  of  Doppler  shifts  in  the  green  end  yellow 
line  were  also  seen.  Except  for  these  cases  of  Doppler  shifts  in  coronal 
lines,  the  phenomenon  is  practically  absent  in  Climax  and  Sacramento  Peak 
spectra. 

/ 

Analysis  and  comparison  by  simple  statistical  procedures  of  the 
prominences  occurring  at  the  time  of  the  yellow  line  and  prominences 
occurring  far  from  the  time  of  the  yellow  line  showed  that  a  significant 
and  easily  recognizable  difference  existed  between  the  two  typos  of 
prominences. 

A  study  of  the  number  of  limb  flares  accompanying  the  yellow  line 
revealed  that  the  phenomena  are,  beyond  all  question,  associated  in  time 
and  location,  suggesting  that  a  definite  physical  relationship  exists 
between  the  flares  and  the  yellow  line.  The  nature  of  this  relationship 
could  not  be  determined. 

The  observations  lead  to  tho  speculation  that  location  of  the 
principal  maxima  of  coronal  intensity  night  bo  possible  from  observation 
of  the  more  easily  seen  prominences.  Thera  is  also  a  possibility  of  pre¬ 
dicting  the  arrival  of  flare-producing  regions  by  limb  observations  of  the 
corona. 


I.  INTRODUCTION 


At  the  time  of  a  solar  eclipse,  when  the  moan  hides  the  brilliant 
surface  of  the  sun,  we  are  able  to  see  the  faint,  silvery-white  corona 
that  makes  up  a  principal  part  of  the  sun’s  atmosphere.  The  corona,  as 
seen  at  eclipse,  actually  appears  quite  bright  to  the  eye,  and  extends 
to  heights  of  several  million  miles.  It  shows  different  spectroscopic 
and  optical  characteristics  at  different  distances  from  the  sun.  Far 
out  from  the  solar  limb  the  coronal  light  is  dominated  by  a  continuous 
spectrum  containing  Fraunhofer  absorption  lines.  This  portion  of  the 
corona  is  probably  due  to  scattering  of  sunlight  by  cosmic  dust,  and  in 
the  strict  sense  is  not  solar  corona  at  all,  but  evidence  of  interplane¬ 
tary  "dust".  This  component  of  the  corona  probably  is  identical  with  the 
zodiacal  light*  Close  to  the  sun,  within  a  radius  or  so,  the  coronal 
spectrum  has  emiesion  lines  from  the  highly  ionized  atoms  of  iruji,  nickel, 
calcim,  and  argon.  At  distances  extending  to  several  solar  diameters 
from  the  sun,  the  corona  has  a  continuous  spec  trim  without  absorption 
lines  exhibiting  rays  and  streamers,  and  also  showing  appreciable  polariza¬ 
tion.  Thie  component  ia  attributed  to  Thompson  scattering  of  sunlight  by 
high  velocity  electrons.  The  Doppler  effect  of  the  fast-moving  electrons 
"smears"  out  the  absozption  lines  of  the  sunlight.  Recent  work  by  Woolley 
and  Allen  1)  and  Ho  van  de  Hulat  2)  has  greatly  improved  our  knowledge 
of  the  separation  of  these  three  components  of  the  sun's  corona* 

I  am  interested  in  the  emission  spectrum  portion  of  the  corona,  and 
in  particular  in  the  amission  line  at  569k  A.,  the  yellow  coronal  line. 

Of  the  some  25  coronal  emission  lines,  only  a  few  have  not  been  identified 
with  reasonable  certainty.  The  yellow  line  is  the  most  important  of  this 
small  group  of  unidentified  lines.  Bernard  lyot  3)  made  the  initial  dis¬ 
covery  of  the  yellow  line  in  1937  at  the  Pic  du  Midi  Observatory  during 
an  early  investigation  of  the  coronal  spectrum  with  his  coronagraph.  Since 
then  the  line  has  been  reported  many  times,  but  never  with  any  great 
regularity.  It  has,  however,  never  been  detected  at  eclipses. 

On  26  February  191*6,  after  four  years  of  observing  the  corona  daily, 
weather  permitting,  W.  0.  Roberts  found  the  yellow  line  on  a  plate  taken 
at  the  Fremont  Pass  Station  of  the  Harvard  College  Observatory  at  Climax, 
Colorado.  This  was  the  first  of  3ome  fifty  observations  of  this  line 
that  have  been  made  during  the  past  six  years  at  Climax  and  its  sister 
station  at  Sacramento  Peak  in  N3W  Mexico. 

The  yellow  line  shows  marked  differences  from  the  two  most  easily 
observed  coronal  lines  in  the  visible  range,  the  green  line  at  5303  A., 
and  the  red  line  at  637k  A.  Those  two  lines  are  visible  at  every  obser¬ 
vation  of  the  corona  and  usually  extend  for  great  distances  along  the 
limb  of  the  sun.  They  show  broad  profiles  of  intensity  against  wave¬ 
length,  and  change  relatively  little  in  total  intensity  from  day  to  day. 

The  yallow  line  showa  the  broad  profile  of  a  coronal  line  but  there  the 
similarities  end.  During  its  rare  appearances  it  is  confined  to  a  small 
range  of  latitude  and  its  visible  lifetime  is  short,  usually  only  one 
day  but  sometimes  as  long  as  three  days.  It  is  usually  much  weaker  than 


-2- 


the  red  or  green  lines,  often  appearing  as  a  very  faint  mark  on  the 
spectrogram*  Because  of  this  faintness,  the  atcio  spheric  conditions  must 
be  excellent  for  the  line  to  be  seen*  Oust,  sncnr,  or  other  particles  in 
the  air,  scatter  the  light  from  the  disk  of  the  am  into  that  portion  of 
the  image  share  the  corona  lies,  hiding  this  faint  line  in  the  scattered 
continual* 

The  yellow  line  has  bean,  reported  by  several  workers  as  being  closely 
associated  with  •  prominences  *  k»  5  >  b)  «pjjQ  greon  coronal  Hn*>  and  a  number 
of  other  lines  are  relatively  independent  of  prominences.  The  red  coronal 
line  occasionally  shows  marked  discontinuities  in  intensity  in  the  region 
of  certain  prominences. 

There  have  been  many  attenpts  to  group  the  coronal  lines  into  classes 
according  to  their  behavior  at  the  various  eclipses*  ibis  was  done  in 
early  efforts  to  identify  the  lines*  The  groups  were  made  by  associating 
those  lines  which  had  maxima  and  minima  at  the  same  latitude  and  whose 
intensities  showed  similar  changes  in  height  from  the  lint).  The  groups 
determined  from  the  results  of  different  eclipse  expeditions  were  often 
contradictory,  and  it  was  not  until  the  development  of  the  corona  graph 
that  a  consistent  grouping  was  made*  Lyot,  ur.ing  a  large  amount  of  data 
collected  over  a  period  of  several  years,  found  that  there  seemed  to  be 
three  recognizable  groups. 3)  The  first  group  contained  the  green  line  at 
5303  A.;  the  second,  the  red  line  at  637k  A*}  and  the  third  group  was  the 
yellow  line  itself.  Looking  back,  it  is  interesting  to  note  that  the 
lines  were  not  grouped  according  to  the  element  from  which  they  arose, 
but  according  to  their  ionization  potentials  as  determined  by  £dlan  three 
years  later.  7)  The  group  containing  the  green  line  was  made  up  of  iron 
and  nickel  lines  having  ionization  potentials  of  between  325  and  U22  E.V. 
The  group  with  the  red  line  contained  two  lines,  both  from  iron,  with 
ionization  potentials  of  233  and  261  E.V*  Waldmeier  W  has  reported  that 
the  yellow  line  at  some  times  seems  to  be  clearly  associated  with  maxima 
of  the  green  line,  while  I  have  seen  many  cases  of  the  Climax  spectra 
where  it  seems  to  be  clearly  associated  with  maxima  of  the  red  line. 

There  are  also  many  casso  in  vhich  it  seams  to  be  clearly  associated  with 
maxima  of  the  red  line*  There  are  also  mary  cases  In  which  it  seems  to 
be  associated  with  neither  of  these  lines.  For  this  reason  it  is  appro¬ 
priate  to  assign  a  category  of  Its  own  to  the  yellow  line. 

In  19k2  Edlen  presented  a  paper  in  which  he  identified  17  of  the 
coronal  lines  as  rising  from  forbidden  trruisitions  in  highly-ionized  atoms 
of  iron,  nickel,  calcium,  and  argon.  7)  /it  the  same  time  he  offered  two 
tentative  identifications,  one  of  these  Y  eing  for  the  yellow  line.  He 
suggested  that  it  might  arise  from  the  transition  2p2,  3p^  -  3p0  in  Ca 
XV .  The  result  had  been  obtained  after  a.  different  extrapolation  and 
was  considered  unreliable.  There  were  several  other  reasons  for  calling 
this  identification  tentative.  The  lo/  ization  potential  required  for 
Ca  XV  is  8lh  iS.V. ,  which  is  considerably  higher  than  that  of  ary  of  the 
other  coronal  lines*  He  also  felt  thr  t  there  should  be  another  coronal 
line  in  the  visible  range  arising  frc;i  the  transition  2p2  3p«  -  3p, 
which  had  not  bean  found  at  that  tinr,  but  he  did  not  attempt  to  predict 
the  expected  wavelength.  Recently  .Voidmeier  9)  reported  the  discovery 


of  a  coronal  line  at  51*1*5  A.  which  appeared  only  with  the  yellcar  line, 
and  which  seemed  to  behave  in  a  similar  manner  to  the  yellow  lines  He 
suggested  that  this  line  might  be  the  missing  line  of  Ca  XV. 

Shklovsly ,  of  the  Crimean  Astrophysics!  Observatory,  recently  stated, 
on  theoretical  grounds,  that  the  identification  of  the  yellow  line  as 
Ca  XV  is  probably  not  correct  and  suggested  that  this  line,  along  with  the 
line  at  51*1*5  A.,  might  arise  from  seme  transition  in  lie  VI*  30 ; 


At  the  meeting  of  the  American  Astronomical  Society  in  June  of  1951, 
Naqvi  presented  a  paper  in  which  he  examined  several  of  the  difficulties 
of  the  Edlen  identification*  31)  He  agreed  that  there  should  be  another 
line  besides  the  one  at  5691*  a.  if  the  fidlen  identification  is  correct, 
and  predicted  that  the  wavelength  should  be  in  the  range  of  the  two  un¬ 
identified  coronal  lines  at  1*586  A*  and  1*56?  A.  He  suggested  that  simul¬ 
taneous  observations  of  these  three  line3  would  have  to  be  made  to  confirm 
or  reject  this  identification. 


Using  refined  methods,  Gars  tang  very  recently  showed  chat  the  wave¬ 
lengths  to  be  expected  from  the  transitions  2p2  3pg  -  3p^  and  2p*  3pj-3p0 
of  Ca  XV  would  be  5380  A.  and  51*80  A.  respectively,  with  accuracy  most 
probably  within  50  A.  either  way.  32)  hq  suggests,  therefore,  that  the 
identification  of  any  of  the  lines  at  1*567,  1*586,  5U*5»  and  5691*  A.  as 
arising  from  Ca  XV  is  probably  not  correct. 


In  sumning  up  the  results  of  the  work  done  on  the  identification  of 
the  yellow  line,  it  ie  seen  that  there  is  still  considerable  doubt  as  to 
its  atomic  origin.  The  yellasr  line’s  connection  with  prominences  seems 
to  indicate  that  a  low  ionization  potential  is  needed,  though  its  very 
broad  profile  would  indicate  high  excitation.  The  theoretical  attempts 
at  identification  would  seem  to  be  contradictory  at  this  time.  Further 
studies  of  the  observational  material  may  lead  toward  an  answer.  Mean¬ 
while  study  of  the  behavior  of  the  line,  and  its  association  with  active 
solar  regions  indicates  that  it  i3  a  most  important  line,  and  so  efforts 
to  identify  it  should  be  given  careful  attention.  Several  observational 
approaches  to  the  study  of  the  behavior  of  the  yellow  coronal  line  are 
open  to  ue.  The  studies  may  even  assist  in  the  identification  of  the  line, 
and  will  certainly  aid  in  interpretation  of  the  physical  processes 
involved  in  Its  formation,  once  the  identification  ie  successfully  carried 
out*  One  observational  approach  is  to  try  to  establish  what  unique  at¬ 
tributes,  if  ary,  characterise  the  prominences  that  accompany  the  yellow 
line,  k'/aldmeier  has  reported  strange  anomalies  in  these  prominences,  such 
as  the  presence  of  the  line  of  Ho  II  or  5U 12  A.,  requiring  high  excita¬ 
tion  at  the  s^me  time  as  the  B  lines  of  magnesium  and  ionized  iron  of  low 
excitation.  Anothor  approach  would  be  to  establish  the  relationship 
between  the  yellow  line  and  flares,  which,  according  to  rtaldmeior  6; 

Roberts  5)  appear  together.  I  have  undertaken  those  two  approaches  in 
pursuit  of  the  objectives  of  my  research,  and  the  results  of  ny  work 
males  ip  the  body  of  this  thesis -> 


H.  CHARACTERISTICS  OF  FSOiTTNENCES  AtJD  FLAKES 


PraaLnences  are  gaseous  clouds  vis  ibis  above  the  surface  of  the  sun, 
consisting  of  far'droggn,  halloa,  calcium,  iron,  and  sons  other  metals. 

She  prcndnence  emission  spectrum  chows  very  strong  lines  at  Ha  and  the 
H  and  €  lines  <  •£  ionized  calciun  with  weaker  lines  of  helium,  iron, 
magnesias,  and  sodium.  Although  their  brightness  per  unit  wavelength, 
even  at  the  emissico  wavelength  is  considerably  less  than  that  of  the 
photosphere,  the  prominences  can  be  seen  clearly  at  eclipses  with  the 
naked  eye,  or  with  a  cor  anagraph  fitted  with  narrow-bfcnd  filters.  The 
usual  method  of  observing  prominences  outside  of  eclipse  is  to  isolate 
one  of  the  amission  lines  and  observe  the  prominence  in  this  monochromatic 
light.  The  usual  practice  (first  applied  by  Robert  R.  Kcllath  of  McLath- 
F  albert  Observatoiy),  is  to  obtain  lapse-time  pictures  at  short  intervals 
st  one  to  a  few  pictures  per  minute  teat  chow  that  the  prominence  material 
often  is  in  very  rapid  motion. 

Those  prominence  clouds  are  usually  classified  according  to  their 
motion,  shape,  or  spec  trim.  Pettit's  classification  by  motion  end  shape 
is  the  system  most  often  used,  13)  though  Secchi,  many  years  ago,  dis¬ 
tinguished  between  active  and  quiescent  prominences.  In  this  classifica¬ 
tion  there  are  six  types  of  prominences,  as  follows} 


I. 

Active 

II. 

Eruptive 

III. 

Sunspot 

17. 

Tornado 

7. 

Quiescent 

VI. 

Coronal 

The  quiescent  prominences,  as  their  name  implies,  are  relatively  inactive. 
They  often  look  like  a  haystack  sitting  on  the  surface  cf  the  sun.  Those 
Btuble  prominences  some  tlr.es o  last  for  days  with  little  change  in  outline 
and  showing  only  aligit  motion  in  their  internal  structure.  When  seen  in 
projection  on  the  solar  disk  they  chow  as  long,  dark  filaments.  The 
active  prominences,  on  the  other  hand,  -how  considerable  motion  and 
generally  send  matter  free*  the  body  of  the  prominence  toward  some  center 
of  attraction  on  the  solar  surface.  Another  class  of  rapidly  moving 
prominence  is  the  group  called  "sunspot  prominences.""  The  praainance 
material  cf  the  sunspot  prominences  seems  to  appear  in  space  ami  stream 
down  toward  a  center  of  attraction.  Delicate  streamers  or  isolated 
knots  of  matter,  moving  rapidly  as  they  form  in  space,  rain  toward  the 
sun.  aaceiimas  complete  loops  form  with  the  prominence  material  raving 
down  tiie  two  branches  from  a  common  source  at  the  top.  The  velocities 
In  the  sunspot  prominences  are  c-cnaide  '.ably  higher  than  those  soon  in 


the  ordinary  active  prominences  or  the  quiescants.  Associated  with  sunspot 
prominences  are  the  "surges'1 ,  ejections  of  matter  from  the  solar  surface 
that  frequently  erupt  from  the  focus  of  the  sunspot  prominence  activity. 

The  surges  occasionally  reach  velocities  as  high  as  500  km/sec. ,  but  the 
material  usually  falls  back  into  the  sun  along  the  same  path  it  took 
going  out,  in  contrast  to  the  true  "eruptive"  prominence  which  sends  at 
least  a  major  part  of  its  matter  out  into  space. 

]fy  first  effort  has  been  to  try  to  distinguish  whether  a  separation 
of  prominences  according  to  type,  either  by  the  Pettit  schema  or  others, 
suffices  to  isolate  the  prominences  associated  with  the  yellow  coronal 
line  from  prominences  in  general. 

the  second  portion  of  my  investigation  is  to  tzy  to  find  out  the 
relationship  between  the  yellow  lane  and  solar  flares.  Such  work  promises 
not  only  help  in  the  identification  of  the  yellow  line,  but  may  assist 
our  understanding  of  the  mysteries  of  flares.  Flares  are  a  special  class 
of  explosively  sudden  and  intensely  brilliant  prominences.  The  flares  can 
be  seen  in  the  disk  of  the  sun  as  bright  features  -  the  only  prominences 
so  observable.  Some  workers  do  not  class  flares  with  the  prominences, 
but  regard  them  as  a  separate  class  of  solar  phenomena.  The  mechanism  of 
a  flare  is  not  understood,  but  a  great  deal  has  been  written  about  the  way 
a  flare  behaves.  Richardson  reports  that  99%  of  the  flares  observed  at 
Mount  Wilson  in  the  15  years  from  1935  to  2950  have  occurred  in  the  im¬ 
mediate  neighborhood  of  a  sunspot,  with  the  highly  complex  spot  groups 
producing  more  flares  than  the  simple  groups. 

Flares  rro  often  classified  according  to  their  maximum  intensity  or 
maximua  eiae.  Accurate  photometry  of  flares  has  been  done  only  for  a 
most  limited  number  of  flaree.  However  areas  as  a  function  of  tima  and 
maximum  areas  are  available  for  large  numbers  of  flares  over  a  sub¬ 
stantial  number  of  years.  Flares  are  generally  claused  according  to 
their  "importance"  on  a  scale  of  1  to  3-  Flares  with  areas  of  from  0  to 
300  millionths  of  the  visible  aim’s  hemisphere  fall  in  the  blase  called 
"Importance  1."  Those  with  areas  of  from  300  to  750  millionths  fall  in 
Importance  2,  and  those  with  areas  larger  than  ?5Q  millionths  fall  in 
Importance  3*  The  greatest  flares  are  sometimes  rated  as  Importance  3+° 
These  area  limits  aro  not  strictly  adhered  to,  but  are  sometimes  adjusted 
when  a  flare  shows  abnormal  intensities  for  its  size. 

The  lifetime  of  a  flare  is  characterized  by  a  sharp  rise  to  maximum 
intensity,  sometimes  described  as  a  flash  of  radiation,  followed  by  a 
longer  decay  period.  The  entire  life  of  a  flare  rosy  vary  from  a  few 
minutes  to  &e  much  ae  seven  hours,  with  the  average  being  about  20  minutes. 
According  to  Richardson  about  7%  of  the  Importance  1  flares,  and 
about  79%  of  the  larger  flares,  reach  ro&x3im®i  in  Isas  than  Q*h  of  their 
lifetime  The  stay  at  maximum  is  usually  less  than  five  minutes  even 
for  the  flares  that  last  several  hours. 

There  are  several  methods  of  det.erpJLrJ.ng  the  time  of  maxlmusa  actior. 
of  the  flare.  Soma  truss  o  the  measurement  given  is  the  central  intensity 


of  the  Ha  Una*  photometrically  date  rained*  Values  for  the  intensity  of 
that  line  at  naxlaua  range  from  about  1;0$  to  as  ouch  as  300$  of  the  In* 
tensity  of  the  solar  disk  near  the  flare  in  a  neighboring  continuous 
portion  of  the  spectrm.  (It  is  necessary  to  raaedber  that  the  brightness 
of  the  solar  disk  at  the  center  of  Ha  is  only  about  10$  the  brigitneae  of 
the  disk  in  the  neighboring  continuous  portion  of  the  spectrum*) 

Another  method  is  to  measure  the  broadness  of  the  Ha  line  at  regular 
intervals*  Flares  are  accompanied  by  a  peculiar  broadening  of  Ha  which 
increases  regularly  with  the  intensity  of  the  emission*  Ellison  reports 
that  for  flares  whose  intensity  is  greater  than  1$0%  of  the  continuum  in 
the  nearby  portion  of  the  spec  trim,  the  Ha  line  develops  wings  which 
sometimes  give  the  line  an  effective  width  of  20  A*  it  is  found  that 
the  time  at  which  maximum  broadness  of  Ha  and  the  maximum  intensity  occur 
soon  to  be  the  same. 

The  flares  themselves  show  very  little  motion  either  horizontally  or 
vertically,  and  usually  seem  to  lie  very  near  the  solar  surface,  though 
definitive  evidence  on  heights  is  usually  lac  ing.  The  sightline  veloci¬ 
ties  of  flares  seem  to  be  of  the  order  of  20  km/sec.,  which  is  slow 
compared  to  the  velocities  of  some  prominences.  However,  at  least  20$ 
of  the  flares  eject  prominence  material  at  very  high  velocities  at  about 
the  time  they  reach  their  maximum.  A  tremendous  increase  in  Iymanr 
alpha  probably  ooours  at  the  time  of  the  flare  and  some  workers  have 
suggested  that  the  radiation  pressure  forces  the  prominences  upward.  15,16) 

Aside  from  the  phenomena  we  observe  in  flares  on  the  sun,  we  find 
mary  geophysical  effects  that  can  be  directly  associated  with  flares*  At 
the  time  of  a  flare  the  quality  of  long-distance  radio  reception  over  the 
entire  sun-lit  portion  of  the  world  undergoes  a  groat  change*  The  complete 
radio  fade-out  (DaHinger-^Sgel  effect)  that  occurs  simultaneously  with 
the  onset  of  the  flare,  17)  has  generally  beer*  explained  in  terms  of 
heavy  ionization  of  the  D-region  of  the  ionosphere  causing  strong  absorp¬ 
tion  of  the  radio  waves  from  earth  which  ordinarily  pass  unaffected  through 
this  layer*  Increases  in  ultraviolet  light  from  the  Iyman-alpha  may  cause 
the  increased  ionization,  but  others  have  suggested  that  X-ray  transitions 
in  the  coronal  ions  mi$it  cause  the  D-region  effect. 

There  is  abundant  evidence  that  great,  increases  in  low  energy  cosmic 
rays  often  accompany  the  larger  flares.  Sudden  changes  in  the 
intensity  and  direction  of  the  earth* a  magnetic  fiold  are  noticed  at 
almost  the  same  time  as  the  maxima  of  some  flares.  These  are  again  at¬ 
tributed  to  the  ultraviolet  light  of  the  flare  causing  ionization  effects 
in  the  upper  atmosphere  which  produce  induced  magnetic  fields.  Jiagnetic 
atoms  and  aurorae,  presumably  both  caused  by  charged  particles  dis¬ 
rating  the  earth's  magnetic  field,  are  often  observed  from  six  to  thirty- 
six  hours  after  the  flare.  In  addition,  flares  probably  influence  the 
temperature  of  the  earth’s  upper  air, . initiate  wee.  =or  changes,  and  play 
a  key  role  in  numerous  other  related  phenomena. 

With  the  tremendous  effects  that  flares  have  upon  the  earth,  it 
would  be  advantageous  if  we  could  predict  the  imminence  of  flares «  If  a 
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cl6e*  relationship  can  be  shown  between  the  occurrence  of  flares  and  the 
yellow  line,  it  nay  aid  us  to  predict  the  casing  of  flare  regions  from 
the  appearance  of  the  yellow  line  on  the  oast  limb  of  1 he  sun,  the  lirf) 
over  which  new  regions  appear  as  the  sun  undergoes  its  27-day  rotation* 
In  the  material  that  follows  1  &all  give  the  results  of  ny  efforts  to 
establish  the  relationship  between  -the  occurrence  of  flares  and  the 
yellow  line* 


UI.  METHOD  AND  RESULTS  OP  ANALYSIS 


A*  Measurement  of  Coronal  Spectra 

The  first  step  in  the  study  was  to  obtain  all  the  spectrograms 
which  contained  the  yellow  line*  In  the  past  several  years  there  has 
been  a  careful  effort  at  the  Observatory  to  note  all  the  oases  of  the 
yellow  line  as  they  occur  and  to  place  these  plates  In  separate  booses. 
However  we  feared  that  during  the  period  of  19U5  through  19h9  there 
may  have  been  some  oases  missed.  'Therefore  I  examined  all  spectro¬ 
grams  for  this  period,  some  1*300  of  them,  loo  lung  for  the  yellow  line. 
This  line,  as  mentioned  before,  is  hard  to  detect  because  of  its 
diffuse  nature  and  its  faintness*  I  held  the  spectra  over  a  diffuse 
light  source  and  made  a  careful  examination  of  the  yellow  line 
portion  of  the  spectrum.  I  conducted  the  examination  completely 
independently  of  any  previous  measures  of  tho  plate3  or  of  the  be¬ 
havior  of  ths  spectrum  in  ary  otter  wavelength.  In  some  cases  the 
occurrence  of  the  yellow  line  was  doubtful,  ei  thsr  because  of  high 
background  density  due  to  scattered  eunllght,  or  because  the  faint¬ 
ness  of  the  yellow  line  cauacd  it  to  disappear  in  the  plato  fog,  or 
for  other  reasons.  Those  doubtfiu  cases  I  discarded  as  unreliable* 
Sight*  previously  unreported  occurrences  wore  found. 

Uhen  a  plats  was  found  to  contain  the  yellow  lino,  it  was  set 
aside  to  be  measured,  at  a  later  tine  with  all  "he  other*  yellcw  line 
plates.  By  measurement  is  meant  the  determination  of  the  intensity 
of  the  yellow  line  at  different  latitude?  along  the  limb  of  the  sun. 

The  spectrograph  has  a  curved  slit  which,  during  observation  is 
placed  just  outside  the  edge  of  tire  solar  image  in  a  concentric 
famion,  so  that  the  coronal  emission  falls  on  it*  In  this  way  about 
90  degrees  of  latitude  along  the  limb  may  fcs  covnred  in  a  single 
exposure*  The  spectrograms  then  contain  curved  lines  instead  of  th9 
conventional  straight  lines  of  a  laboratory  spectrogram.  £ach  portion 
of  the  spectrum  line  arises  from  a  different  solar  latitude. 

To  determine  the  intensity  of  any  coronal  line  we  use  a  photo¬ 
graphic  standurd  consisting  of  e  glass  plate  on  which  appear  22  lines 
of  graduated  densities.  Tho  stendaid  bearing  these  lines,  whose 
appearance  resembles  real  coronal  lines,  is  placed  directly  upon  the 
spectrogram  and  &  aatoh  i3  made  by  eye  between  one  of  tho  lines  on 
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the  standard  and  the  line  on  the  spectrogram..  The  standard  lines  bear 
numbers  which  range  from  1  to  65,  according  to  the  density  of  the  line* 
The  numbers  giro  the  "Climax  Arbitrary  Coronal  Intensity1 *  scale  ,  an 
arbitrary  scale  of  line  emission  intensity  similar  to  the  scale  adopted 
by  Waldmeler  in  193d*  The  same  method  of  measurement  is  used  by  the 
observatory  for  making  the  daily  determinations  of  the  coronal 
Intensity*  The  measurement  process  gives  reproducible  results  easily 
within  the  limits  of  the  observing  variables*  It  depends,  of  course, 
upon  accurate  exposure  and  plate-processing  for  the  original  spectro¬ 
grams.  The  intensity  of  the  yaLlcrr  line  was  measured  in  this  fashion 
at  2*5  degree  intervals  along  the  arc  of  the  sun's  limb* 

Very  often  there  were  several  spectrograms  containing  the  yellow 
line  for  the  same  day.  IVhen  the  observers  ware  aware  of  the  presence 
of  the  yellow  line  they  took  as  many  as  a  dosan  exposures  spread  out 
over  the  observing  day.  Some  of  these  spectra  were  special  exposures 
made  closer  to  the  limb  of  the  sun  than  is  the  ordinary  practice* 

Since  the  yellcw  line  has  a  sharp  gradient  in  height,  these  extra 
plates  often  show  the  line  stronger  than  the  normally  exposed  plates. 
These  plates  were  measured  but  were  not  used  in  the  analysis  reported 
here.  The  only  plates  used  ware  those  taken  at  the  normal  height 
above  the  limb  and  which  were  considered  exposed  and  developed  under 
standard  conditions  as  determined  by  the  senrdtomater  markings  which 
appear  on  every  plate. 

The  intensities  measured  in  the  yellow  line  ranged  from  1  to  lh 
on  the  arbitrary  standard  scale,  with  the  moot  common  values  below  U« 

By  way  of  contrast  the  green  line  sometimes  is  as  high  as  50  and  the 
red  line  as  hi$i  as  ho. 

At  the  time  of  measurement,  the  prominence  spectra  and  the 
appearance  of  the  other  coronal  linos  wore  observed*  In  a  typical 
case,  the  prominence  spectra  showed  bri^it  beads  of  emission  which 
were  often  displaced  by  Doppler  shift  from  the  center  of  the  absorp¬ 
tion  line  on  which  they  ordinarily  lie.  In  80£  of  the  prominences 
sigh  (line  velooitieo  were  seen  which  were  considered  higher  than 
those  seen  in  prominences  in  general.  The  prominence  spectrum  of  the 
Halim  D?  line  did  not  always  have  the  same  appearance  as  in  the  Ha 
line.  The  velocities  and  shape  of  these  two  lines  sometimes  differed 
which  probably  indicates  different  relative  abundances  of  these  two 
dements  in  different  portions  of  the  prominence,  a  question  worthy 
of  substantial  independent  study. 

The  line  of  Hull  at  J&U  A.  was  found  in  three  of  the  promi¬ 
nences  accompanying  the  yellow  line.  Although  no  systematic  search 
has  been  made  for  this  line,  I  observed  it  once  in  a  prominence  not 
associated  with  the  yellow  coronal  line*  V/o  cannot  say,  therefore, 
that  the  &12  A.  line  is  uniquely  associated  with  the  yellow  line. 

Doppler  shifts  in  the  red  and  groen  coronal  linos  were  noticed 
in  eight  of  the  fift,  yellow  line  cases.  This  rare  event  has  been 
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seen  only  a  fear  other  tires  in  the  ten  years  the  Climax  observatory 
has  been  fleeing  the  corona.  We  know  that  It  la  rare*  because 
cystem&tic  search  for  this  effect,  unlike  the  $1*12  A*  line,  has  been 
made*  Oh  only  one  occasion  did  the  yelloe  line  Itself  display  a 
Doppler  shift,  which  was  confirmed  on  several  plates  taken  the  same 
day*  Mb  report  of  this  event  has  appeared  in  the  literature,  so  far 
as  we  are  aware* 

From  the  examination  of  the  spectra  we  can  thns  conclude  that 
the  solar  condition  at  the  time  of  yellow-line  emission  are  most 
certainly  exceptional* 

Association  of  Prominences  with  the  Yellow  Coronal  Line 

After  the  yellow-line  spectra  measurements  were  completed,  I 
made  photographic  prints  of  all  prominences  associated  with  the 
yullow  line  from  prominence  filns  taken  on  the  yellow-line  day*  The 
prints  were  fastened  to  a  polar  coordinate  graph  which  indicated  the 
position  angle  of  the  prominence  on  the  linb.  The  position  angle  i8 
measured  from  the  center  of  the  sun  with  zero  at  the  north  pole  and 
the  angle  increasing  toward  the  east.  (Figure  1)  The  yellow-line 
intensity  was  plotted  on  the  same  graph  to  show  the  comparison 
between  yellow-line  intensity  and  various  features  of  the  prominences. 

In  a  number  of  oases  the  yellow-lino  peak  seemed  to  be  at  the 
focal  pcint  of  the  moving  prominence  material,  that  is,  at  the  center 
convergence)  for  the  prominence.  This  was  not  the  general  rule, 
however o  No  general  conclusion  could  be  reached  from  this  portion  of 
the  analysis  except  that  there  wae  a  prominence  present  at  each 
yellow-line  occurrence  and  that  the  majority  of  them  showed  the 
characteristic  outlines  of  sunspot  prominences. 

The  rectangular  grid  connected  to  the  polar  coordinate  graph 
r-  presents  the  portion  of  the  solar  surface  in  the  vicinity  of  the 
limh  at  which  the  yellow  line  occurred.  The  lino  marked  "limb 11 
represents  the  limb  of  the  sun  on  the  day  of  the  yellow  line.  She 
sections  above  the  line,  marked  off  in  20  degree  intervals,  represent 
that  portion  of  the  solar  disk  which  had  bean  at  the  limb  on  the  pre¬ 
ceding  days,'  and  the  sections  below  the  line  represent  that  portion 
which  passed  over  the  limb  on  the  days  following  the  yellow  line.  On 
these  maps  the  intensity  of  the  red  and  green  coronal  lines,  as 
determined  at  the  limb,  were  plotted  in  contour  fashion.  This  wae 
done  to  give  us  an  id''  ?  how  the  other  coronal  lines  were  behaving 
at  the  time  of  occurrei*..~>  of  the  yellow  line.  D&diad  lines  indicate 
that  no  coronal  observations  were  available  for  that  portion  of  the 
disk  when  it  passed  over  the  limb.  A  minimum  intensity  of  20  for 
the  green  line  anti  1$  for  the  red  line  was  chosen  to  keep  the  number 
of  contours  down  and  still  show  tho  activityv  In  56$  of  the  cases 
the  green-line  peak  was  a+-  the  same  position  and  time  as  the  yellow 
line  and  in  16$  more  of  the  cas«s  the  green-line  maximum  was  within 
one  day  away  and  at  the  same  latitude.  The  red  line  didn’t  show 


such  a  close  relationship  when  It  cane  to  high  intensities.  In  fact, 
the  rzu  line  was,  at  times,  disappointingly  low.  It  was  noted  in  the 
study  of  the  spectra,  however,  that  the  red  line  seemed  to  sheer 
maxima  at  the  yellow-line  position  even  though  thay  were  rather  low 
compared  to  the  heights  to  which  the  red  line  sometimes  goes.  The 
red  line  shoved  a  high  maximum  as  recorded  on  the  contour  maps  at 
the  same  position  as  the  yello*  line  in  2Q%  of  tho  cases.  The  high 
connection  between  'the  red  and  green  coronal  maxima  and  the  yellow 
line  Indicates  that  the  yellow  lir.3  occurs  in  regions  of  unusual 
concentration  of  coronal  intensity  and  not  iuat  %'  random.  A  farther 
study  of  the  relationship  between  the  y axlow  line  and  the  other 
coronal  lines  will  be  taken  up  at  a  later  date  by  Dr.  Roberta  and  his 
associates* 

At  the  suggestion  of  Dr.  Roberta :  I  plotted  all  the  flares  that 
occurred  near  the  tins  of  the  yellow  lino  on  those  maps.  They  are 
Indicated  by  a  circle  which  puts  the  flare  at  the  heliographic  longi¬ 
tude  at  which  it  occurred.  The  date  at  which  the  flare  occurred  is 
also  indicated  In  this  way  a  flare  that  appeared  at  the  same  helio- 
graphic  longit^e  as  the  yellow  line,  for  instance,  is  plotted  on 
the  line  marked  "limb”  oven  though  it  occurred  on  tbs  disk  on  a  day 
before  or  after  the  yellow  line  was  observed. 

Analysis  of  Characteristics  of  Associated  Prominences 

While  this  was  being  done,  Bruno  fifitte,  who  is  also  working  on 
the  problem  of  yellow  line  at  the  observatory,  compiled  two  reels  of 
16  mm.  motion  pictures  of  tho  prominences  that  occurred  on  the  day  of 
the  yollcw  line  and  on  the  too  days  before  and  after  the  yellow  line. 
These  reels  consisted  of  some  ijl  movies  of  different  prominences 
corresponding  to  2 3  cases  of  the  yellow  line.  We  felt  that  a  great 
deal  of  additional  information  could  bs  obtained  by  observing  the 
motions  of  the  prominences  said  seeing  how  they  changed  over  a  period 
of  time.  The  motion  pic  tires  'were  made  by  taking  photographs  of  the 
prominences  at  the  rate  of  two,  throe,  or  six  frames  per  minute. 

When  the  film  is  projected  at  the  rats  of  16  frames  par  second,  the 
motion  is  speeded  up  by  a  factor  of  li80,  320,  or  160  respectively, 
dearly  shewing  the  prominence  motion.  For  the  hi^i  velocities  in¬ 
volved  in  the  prominences  that  one  usually  finds  along  with  the  yellow 
line,  we  discovered  that  films  taken  at  six  frames  per  minute  are  the 
most  satisfactory. 

In  order  to  obtain  some  sort  of  a  description  of  the  prominences 
that  could  be  handled  statistically,  we  decided  to  grads  each  promi¬ 
nence  according  to  certain  well-defined  characteristics.  The  grading 
within  each  category  was  done  on  a  basis  of  the  degree  to  which  the 
prominence  displayed  tire  specified  character.  We  used  a  one  to  five 
scale,  with  one  indicating  that  the  characteristic  was  very  clearly 
defined  and  five  indicating  that  the  characteristic  didn't  exist  in 
the  prominence.  The  films  were  examined  several  times  in  a  preliminary 
way  so  that  we  could  determine  the  features  that  had  most  promise  of 


('^finable  character  and  degree  and  that  seated  typical  of  our  corona-' 
associated  prominences*  The  following  characteristics  were  the  ones 
we  chose: 

1.  Construction  of  prominence 

a*  Scattered  knots  —  isolated  concentrations  of  promi¬ 
nence  material  that  are  not  fastened  to  ary  other 
portion  of  the  prcminsnco . 

b.  Continuous  streamers  —  prominence  material  fastened 
together  to  give  the  appearance  of  a  solid  stream. 

c.  Massive  body  —  the  body  of  the  prominence  is  a  large 
mass  of  material  such  as  is  usually  associated  with 
the  "quiescent”  prominences. 

2«  Origin  of  the  prominence  material 

a*  Space  —  the  prominence  gas  seems  to  materialize  out 
of  "apace." 

b«  Suspended  cloud  —  the  prominence  material  seems  to 
cane  from  a  gloud  of  gas  hovering  above  the  sun. 

c.  3ody  an  the  sun's  surface  —  the  material  seams  to 
come  from  a  body  on  the  surface  of  the  sun. 

3»  Focussing  effects 

a.  At  the  source  of  the  moving  matter  —  the  prominence 
material  seams  to  originate  at  one  point  and  spread 
out  or  move  in  several  different  directions. 

b»  At  the  terminus  of  the  moving  matter  —  the  material 
seems  to  converge  at  a  point  on  the  sun's  surface. 

k>  Curvature  of  trajectory  —  the  trajectory  of  the  moving 
material  is  highly  curved. 

5*  NuEbar  of  surges  seen  —  the  actual  n unbar  of  sudden  auc¬ 
tions  of  prominence  material  upward  from  the  surface  were 
noted. 

6.  Direction  of  motion 

a.  Downward  —  the  prominence  material  is  moving  downward. 

b*  Horizontally  —  the  material  is  moving  horizontally. 

c.  Interacting  —  the  material  seems  to  be  moving  in 
opposite  directions  at  the  earns  time* 
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d.  ’Upjrard  —  the  material  seeaas  to  be  moving  upward. 

Many  of  the  above  characteristics  were  seen  sinultant*ou£ly,  to  a  greater 
or  lesser  extent,  showing  that  .the  characteristics  were  not  in  ary 
sense  mutually  exclusive.  In  addition,  the  grading  was  quite  sub¬ 
jective.  Two  people  classifying  the  same  prominences  seldom  agreed 
vpua  all  the  gradations.  Five  different  Observers  graded  our  two 
reels  of  films  according  to  this  plan,  ne  found,  upon  comparing  the 
final  results  of  the  grading,  that  there  were  not  maty  cases  where 
Br.  u'itte's  and  my  grades  differed  by  more  th'-u  one  unit. 

Perhaps  the  most  striking  thing  about  th&se  prominences  is  the 
predominance  of  downward  motion.  The  first  impression  1  got  was  that 
all  the  material  was  pouring  down  to  the  surface  of  the  sun.  Tha 
prominences  eases  ed  to  be  made  up  of  knots  of  material  travelling  down¬ 
ward  in  carefully  defined  trajectories.  Often  these  trajectories  v/ere 
completely  full  of  material  and  had  tha  appearance  of  solid  streamers. 
Even  in  these  cases,  knots  of  matter  were  seen  travelling  downward  in 
the  stream.  The  solid  streamers  seemed  to  occur  most  frequently  when 
the  prominence  had  a  looped  shape.  The  prominence  matter  seemed  to 
appear  from  space  at  the  top  of  the  loops  ana  pour  down  the  two 
branches.  In  the  type  of  prominence  in  which  the  knots  predominate, 
we  found  that  the  knots  formed  in  space  and  travelled  down  slightly 
curved  paths  toward  a  cannon  focal  point.  The  knots  usually  moved 
quite  rapidly  as  tney  formed.  Ths  appearance  of  the  prominence 
material  "out  of  thin  air"  was  another  predominant  characteristic  of 
these  prominences.  Banzai  *9/  and  also  Kiepenheuer  20)  explains  this 
phenomenon  by  assuming  that  prominence  atoms  are  completely  ionized  by 
the  high  teu?>e natures  of  the  corona  and  are  therefore  invisible  when 
nigh  above  the  solar  surface  in  the  coronal  region.  Jnan  the  atcas 
come  into  tha  cooler  region  nearer  tha  sun  where  they  pick  up  free 
electrons,  they  become  visible. 

In  contrast  to  the  downward  motion,  one  finds  s-idan  ejections 
of  matter  with  great  violence  ccaning  from  -too  solar  surface.  Very 
often  these  ejections  seemed  to  come  from  that  same  point  into  which 
the  downward  moving  prominence  material  was  falling.  These  surges 
occurred  with  velocities  of  up  to  500  km/sec.  and  were  sometimes 
sufficiently  powerful  to  send  the  material  ocmplotely  out  of  the 
field  of  the  telescope,  a  distance  of  about  200,000  miles.  More 
often  the  material  rose  up  and  then  fell  back  into  the  sun  along  the 
same  path  it  followed  on  the  way  out.  Surges  are  qui  te  frequent 
events  in  the  yellow-lins  prominences. 

After  the  prominences  were  graded,  as  described  above,  they  were 
grouped  according  to  their  position  in  time  with  respect  to  the 
yellasr  line.  The  mrnoer  of  films  in  each  category  is  listed  in 

Table  I. 
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An  average  value  was  obtained  for  each  characteristic  in  each 
tine  group  fear  each  grader*  we  had  hoped  that  we  could  thus  detect 
a  systematic  change  in  the  character  of  the  prominence  from  the  two 
days  before  to  the  two  days  after*  Ur.  Witte*  a  results  show  Blight 
trends  in  several  of  the  characteristics  with  a  maximum  or  minimum 
an  the  yellor-line  day.  Ity  results  and  those  of  the  other  graders 
did  not  show  these  trends.  Because  of  this  result,  1  decided  to 
abandon  this  approach  and  try  something  more  direct. 

I  felt  that  the  time  lapse  of  two  days  fran  the  yellow-line 
case  was  too  short  to  olearly  show  the  differences  between  the  promi¬ 
nences  that  are  present  around  the  time  of  the  yellow  line,  and  other 
types  of  prominences.  1  therefore  decided  to  examine  prominences 
entirely  away  from  the  solar  regions  displaying  the  yellow  coronal 
line.  For  this  I  chose  the  movie&  left  on  the  reels  in  the  film 
library  after  the  yellow-line  movies  had  been  cut  from  them.  Two 
reels  were  picked,  one  from  the  winter  of  19li7-19b8  and  one  from  the 
winter  of  191^9-1950.  The  two  reels  contain  prominences  from  the 
time  near  sunspot  maximum  and  from  a  period  two  years  away  from 
maximum,  and  therefore  give  a  fair  representation  of  the  character 
of  prominences  in  general  chosen  from  the  same  general  period  as  the 
yellow-line  cases,  winter  films  were  chosen  because  of  the  better 
quality  of  the  sky  in  the  winter  and  the  longer  length  without  inter¬ 
ruptions.  In  the  winter,  the  sky  is  usually  either  completely  over¬ 
cast  or  relatively  clear  without  the  scattered  cumulus  convection 
clouds  that  cause  the  summer  films  to  be  interrupted  so  often. 

The  first  1*2  prominence  movies  were  chosen  from  these  reels. 
Thirty  were  from  the  first  reel,  12  from  the  second.  This  is  approxi¬ 
mately  the  same  number  of  separate  prominences  as  on  the  yellow-line 
reels  and  the  running  time  is  approximately  the  same,  about  8500 
minutes  observing  time.  I  graded  these  prominences  on  the  same  char* 
acteristics  as  the  yellow-line  prominences,  and  in  oxactly  the  same 
way. 


The  general  impression  one  gets  from  these  non-yellow-line  promi¬ 
nences  is  entirely  different  from  the  impression  left  by  the  yellow¬ 
line  movies.  The  motion  is  no  longer  so  predominantly  downward  but 
seems  to  show  much  more  horizontal  motion  than  before.  The  promi¬ 
nences  usually  appear  to  be  large  bodies  resting  on  the  solar  surface 
and  it  is  from  these  bodies  and  not  space  that  most  of  the  moving 
matter  comes,  taxed  in  with  these  larger  massive  prominences. 
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generally  the  quiescents,  there  are  prominencea  which  certainly  belong 
in  the  yellow-line  category.  All  the  characteristics  are  there:  the 
downward  motion  of  the  streamers  and  knots,  the  surges,  and  the 
appearance  of  the  matter  from  space.  Considering  the  difficulty  ol 
observing  the  yellow  line,  these  are  quite  probably  yellcur-line  promi¬ 
nences  for  which  the  yellow  line  could  not  be  seen  even  though  it  was 
present.  This  is  a  point  which  it  is  important  to  verify  by  observa¬ 
tion  with  a  spectrograph  and  corona  graph  specially  adapted  for  yellow- 
line  observations,  as  the  High  Altitude  Observatory  plans  to  do  later. 

0.  Analysis  of  Control  Qroup  of  Non-Asaociated  Prominences 

Mjr  next  effort  was  aimed  at  study  of  a  control  group  of  promi¬ 
nences  not  associated  with  observed  cases  of  yellow-line  emission. 

I  sought  to  determine  whether  the  average  grades  for  such  prominences 
differed  significantly  from  the  average  grades  for  the  yellow-line 
prominences.  The  results  were  as  follows. 

First  1  calculated  the  average  grades  for  each  characteristic 
for  both  the  yellow-line  prominences  and  the  non-yellow-line  promi-  - 
nances 9  Then  the  standard  deviations  of  the  distributions  of  grades 
for  each  characteristic  were  computed  in  the  usual  way.  ihese  1 
called/*  the  standard  deviation  of  the  sample.  I  then  assumed  that 
if  mary  such  sample  means  were  computed,  these  sample  moans  would 
follow  a  normal  distribution  about  the  population  mean.  To  obtain 
an  idaa  of  the  dispersion  of  sample  means  about  the  unknown  popula¬ 
tion  mean,  I  calculated  the  standard  error  of  the  unknown  population 
mefm  using  the  relationship 

/  fk 

nrr 

whe  re ^  is  the  standard  error  of  tho  unknorm  population  mean,  /x  is 
the  standard  arr^r  of  the  sample  and  H  is  th6  number  of  movies.  This 
was  done  for  each  characteristic  in  both  groups  of  films.  The  justifi¬ 
cation  for  this  procedure  is  given  in  "Applied  General  Statistics"  by 
Cracton  and  Carden. if  ;Ve  assume  that  the  two  groups  of  films 
care  from  the  same  population,  that  is,  that  they  have  no  inherent 
differences,  the  expected  difference  in  means  of  the  two  groups  will 
be  aero.  If  a  difference  in  means  does  exist,  we  want  to  know  what 
the  probability  is  that  so  great  a  difference  could  occur  by  chance. 

The  standard  error  of  the  difference  of  two  means  is  given  by 

where and  are  the  standard  errors  of  the  two  means.  The 
differences  in  means  of  samples  from  the  same  population  should 
follow  a  normal  curve  and  so  99*7$  of  tho  differences  in  means  would 
be  within  plus  or  minus  three  standard  errors  of  the  difference  in 
means.  *1)  if  the  difference  was  greater  than  this,  I  considered 
the  difference  significant,  that  is,  that  there  is  very  little  chance 
that  the  observed  difference  in  means  occurred  by  chance  and  therefore 
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Table  II 


Characteristic 

tss 

Hon— Y .  L. 

m 

a  n 

Probability 

Mean 

Mean 

Scattered  foots 

2.51 

3*62 

0.273 

l*.l  f 

hxicrZ  * 

Continuous  Streamers 

2.63 

3.55 

0.21*1* 

3.7  " 

2x10“**  * 

Massive  Body 

3.71 

2.02 

0.320 

1».7  " 

<10*5  * 

Matter  from  Space 

1.73 

3.62 

0.312 

6.1  « 

<10“5  * 

Matter  from  Suspended 
Cloud 

li.39 

1*.17 

O.76O 

0-76" 

Sxior1 

Matter  from  Body  on 
Surface 

3.85 

2.1*0 

0.31*0 

1*«3  " 

2xl0”5  * 

Focus  at  Source 

3.22 

ho  2h 

0.256 

1*.0  « 

6x10”'*  * 

Fccue  at  Terminus 

2«3U 

3.38 

0.272 

3.8  " 

lhxicr*  * 

Curvature  of  Trajectory 

2.71 

3«52 

0.250 

3.2  " 

13xl0rU  * 

Downward  Motion 

1.1*1 

2.B3 

0.257 

5.5  n 

<  10-5  * 

Horizontal  Motion 

3*90 

3.21 

0.2?0 

16x10-3 

Interacting  Motion 

i*«2r6 

1*.>7 

0.211* 

1 

6x10-1 

Upward  Motion 

It*  12 

1*»57 

0.220 

BB 

5xl0r3 

tbs  two  groups  of  prominencies  bad  different  observable  characteristics  • 
Ibe  results  of  this  analysis  are  given  in  Table  XI*  The  probabilities 
listed  in  the  table  are  the  probabilities  that  a  difference  in  means 
as  large  as,  or  larger  than,  the  observed  difference  could  occur  by 
chance* 

We  can  obtain  several  kinds  of  information  from  Table  II.  Vie 
can  determine  from  Ibe  value  of  the  mean  just  hear  common  a  certain 
characteristic  is*  A  low  mean  value  indicates  that  the  character¬ 
istic  is  strongly  sheen  and  a  high  mean  indicates  that  the  character¬ 
istic  is  weakly  shown*  From  the  difference  in  means  and  the  standard 
arm*  of  the  difference,  the  significance  of  such  a  difference  can 
be  determined.  For  instance,  in  the  case  of  scattered  knots,  the 
yellow-line  prominences  have  a  low  mean  value  (2. 51)  while  the  other 
prominences  have  a  significantly  higher  value  (3.62)  indicating  that 
the  yellcw-line  prominences  show  many  scattered  knots  and  the  non- 
yellow-line  prominences  relatively  few.  The  same  is  true  of  the 
characteristic  of  continuous  streamers  which  the  yellow-line  promi¬ 
nences  possess  strongly  while  the  non-yellow-line  prominences  show 
less  tendency  toward  this  characteristic.  The  non-yellcw-line 
movies  on  the  other  hand  were  made  up  of  a  large  nuober  of  promi¬ 
nences  with  massive  bodies  which  were  the  source  of  much  of  the 
moving  material* 

The  yellow-line  prominences  did  not  stow  many  massive  bodies 
and  most  of  the  prominence  material  appeared  in  space  as  is  indicated 
by  the  very  low  value  of  1*73  for  the  mean  of  this  characteristic  * 

The  low  values  for  the  means  of  the  doraiwarcr-motion  characteristic 
in  both  sets  of  prominences  as  compared  to  the  means  of  the  other 
motion  characteristics  shows  that  prominence  motion  in  general  is 
downward.  However,  this  characteristic  is  much  more  strongly  pro¬ 
nounced  in  the  yellow- line  prominences.  T,\e  downward-moving  matter 
in  the  yellow-line  prominences  shows  a  slight  tendency  to  originate 
in  a  small  region  (focussing  at  the  source)  and  a  much  stronger 
tendency  to  focus  at  the  point  where  it  readies  the  solar  surface* 

In  the  non-y ellavr- line  movies  the  matter  showed  only  a  slight 
tendency  toward  focussing  at  the  terminus  and  almost  no  tendency 
toward  focussing  at  the  source.  The  yellow-line  prominences  had 
trajectories  which  were  more  sharply  curved  than  oho  non-yellow 
line  movies. 

The  horizontal  motion  which,  at  first  glance,  seemed  to  be  much 
stranger  in  the  non-yellow-line  prominences  is  not  significantly 
different  by  the  standards  chosen  for  significance  although  the  mean 
is  somewhat  lower*  The  false  impression  could  easily  have  come  from 
the  lessening  of  the  downward  motion  and  motion  in  general  which  mads 
the  horizontal  motion  stand  out  more  strongly* 

Interacting  motion,  matter  mutually  exchanged  between  two  or 
more  prominences,  and  upward  motion,  were  about  equally  weak  in  both 
groups.  The  appearance  of  matter  from  a  cloud  suspended  above  the 
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eurfaoe  of  the  ran  is  a  rare  event  in  both  groves  of  prominences  and 
there  is  no  significant  difference  in  the  snail  degree  Id  which  this 
characteristic  is  present  in  both. 

In  order  to  evaluate  the  inf  carnation  obtained  from  the  observa¬ 
tion  of  the  surges-,  the  factor  of  observation- tine  was  introduced, 
file  nnriber  of  surges  in  each  prominence  was  divided  by  the  amber  of 
ninutes  of  obeerving  tine  for  that  prominence.  In  order  to  avoid 
small  Amotions  1  multiplied  these  numbers  by  1000  to  get  the  number 
of  surges  per  1000  minutes  of  obs  erving  time  per  prominence.  These 
values  were  bandied  in  the  same  v’w  ae  the  grades  for  the  other 
characteristics.  For  the  yellow- line  prominences  the  mean  was  7-05 
surges  per  1000  minutes  per  prominence  with  a  standard  error  of  the 
mean  of  1.1*5*  The  mean  far  the  non-yellow-line  prominences  was 
2.05  with  a  standard  error  of  the  -*an  of  0.61.  The  standard  error 
of  the  difference  in  means  is  then  1*57*  The  probability  of  a 
difference  as  large  as.  or  larger  than,  the  one  observed  occurring 
by  chance  is  1.1*  x  10"3  or  a  little  better  than  one  chance  in  1000, 
which  is  considered  significant. 

Uth  the  probabilities  as  small  as  they  aim  for  most  of  the 
characteristics,  I  feel  it  is  safe  to  say  that  the  general  impression 
of  these  prominences  is  essentially  correct  and  that  easily  distin¬ 
guishable  differences  in  the  two  groups  exist  for  the  production  rate 
of  surges  and  for  all  characteristics  of  Table  II  marked  by  the 
symbol  *• 

E.  Yellow  Line  and  limb  Flares 

When  the  flares  were  plotted  on  the  coronal  contour  maps  mentioned 
earlier,  I  found  a  large  number  of  coincidences  between  the  yellow 
line  and  flares  occurring  near  the  liab  on  the  yellow-line  day.  At 
the  time  X  decided  to  investigate  this  matter  a  little  more  closely. 

I  arbitrarily  called  ary  flare  which  appeared  within  i_ve  degrees  of 
the  limb  of  the  sun,  a  liab  flare?  This  would  put  the  position  of 
the  flare  no  more  than  half  a  day's  rotation  from  the  limb,  which 
seems  to  be  a  reasonable  restriction  due  to  the  short  life  of  the 
yellow  line.  If  the  flare  were  much  further  from  the  limb  than  this, 
and  if  the  yellow  line  were  to  originate  in  or  near  the  flare,  the 
yellcwr  line  might  not  be  visible  by  the  time  it  rotated  into  view. 

1  compiled  a  list  of  all  such  flares  occurring  from  1916  through 
1950  from  the  Quarterly  Bulletin  of  the  International  Astronomical 
Union.  The  data  in  the  Bulletin  is  collected  from  observing  stations 
all  over  the  world,  so  that  on  days  when  weather  permits,  complete 
coverage  of  flare  activity  is  available  for  any  2u-hour  period. 

These  stations  reported  a  total  of  165  days  on  which  flares  occurred 
within  five  degrees  of  the  limb  during  the  five  years  in  which  I  was 
interested. 

The  coverage  of  coronal  observations  from  Climax  was  not  nearly 
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fti  complete  as  the  Hers  coverage*  so  all  Hares  which  occurred  on 
days  shea  there  were  no  coronal  observations  sere  discarded*  This 
reduced  the  noritar  of  days  on  which  listo  flares  occurred  to  91  for 
tbs  938  Climax  observing  days.  I  ass  used  that  the  weather  at 
Climax  is  independent  of  the  conditions  on  the  son  and  therefore 
the  selection  of  the  data  in  Ihia  manner  is  a  random  selection* 

Tha  yellow-lino  data  oontained  the  1*3  oases  of  yellow  line 
that  occurred  from  191*6  through  1950* 

An  analysis  of  the  latitude  distribution  of  flares  near  the 
tine  of  the  yellow  line  showed  that  all  but  a  few  of  the  flares 
occurring  within  taro  days  of  the  yellow  line  were  within  five 
degrees  of  latitude  of  the  yellow-lino  maxima.  These  few  were  all 
within  ten  degrees  of  the  yellow-line  maximal*  This  alone  suggests 
a  edgi’fioant  association,  but  I  wished  to  investigate  the  matter 
■ore  closely* 

In  13  oases  the  yellow  line  and  a  flare  occurred  on  the  same 
day  and  within  five  degrees  of  each  other*  and  in  18  more  cases  the 
yellow  line  and  the  flares  were  no  more  than  two  days  apart  and 
within  five  degrees  of  latitude  of  each  other.  Only  12  yellow-line 
oases  seemed  to  have  no  flares  associated  within  two  days.  Closer 
examination  revealed  that  all  but  one  of  these  oases  occurred  in  the 
winter  or  early  spring  whan  the  daily  flare  observing  time  may  get 
ea  low  as  one  hour*  It  is  possible  that  unobserved  flares  associated 
with  the  yellow  line  occur  re  l  during  this  time* 

To  determine  the  probability  of  13  coincidences  between  the 
yellow  line  and  flares  we  must  know  the  latitude  distribution  of 
both  the  flares  and  the  yellow  line.  Referring  to  Figure  2*  which 
gives  the  latitude  distribution  of  the  1*3  yellow-line  cases  and  the 
91  flare  days*  we  see  that  the  most  favored  son  a  for  the  flares  is 
the  belt  between  5  and  15  degrees  north  and  south  of  the  equator  and 
that  no  flares  occurred  mors  than  30  degrees  from  the  equator.  We 
also  see  that  the  favored  belt  for  yellow  line  is  that  region  between 
10  and  15  degrees  north  and  south  of  the  equator  and  that  the  yellcw 
line  is  confined  to  a  region  within  35  degrees  of  the  equator*  This 
shows  that  the  two  phenomena  are  confined  to  the  sunspot  zona*  and 
that  neither  is  distributed  ewer  the  whole  solar  sphere.  In  this 
graph  the  flares  and  yellow-line  cases  at  the  same  latitude  north 
and  south  of  the  equator  are  grouped  into  a  single  class?  To 
determine  the  probability  of  13  coincidences  with  the  shown  distri¬ 
butions  would  be  a  tedious  task*  I  shall  therefore  make  ease  simpli¬ 
fying  assumptions  which  will  give  me  a  probability  that  is  at  least 
ac  large  as  the  actual  probability  air’,  will  make  the  calculations 
much  simpler.  I  will  assume  that  the  probability  of  a  flare  or 
yellow  line  occurring  in  any  latitude  where  they  are  found*  is  the 
same  as  the  probability  of  occurring  in  the  most  favored  latitude 
belt. 


Since  56  flare  days  occurred  in  the  latitude  belt  ranging  frea 
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5  to  15  degrees  on  either  side  of  the  equator,  a  20  degree  belt,  the 
probability  of  a  flare  occurring  anywhere  on  the  limb  in  the  60 
degree~itide  flare  belt  would  be  3  x  56/938  or  168/938*  In  actuality 
the  probability  would  generally  be  even  lees.  For  a  yellow  line  to 
occur  within  5  degrees  of  the  flare,  it  oust  fell  within  a  given  10 
degree  latitude  belt*  The  most  favored  a  one  for  yellow  line  was  the 
belt  ranging  from  10  to  15  degrees  on  either  side  of  the  equator,  a 
10  degree  belt  in  Wiich  17  yellow  lines  occurred.  We  will  therefore 
use  this  probability  for  all  the  latitude  belts.  Thus  the  probability 
of  a  yellow  line  occurring  within  a  given  10  degree  latitude  belt  le 
17/938.  This,  too,  over-estimates  the  probability,  eo  our  calcula¬ 
tion  is  on  the  safe  side  again*  The  probability  of  both  the  flare 
and  the  yellow  line  occurring  on  the  same  day  and  within  5  degrees 
of  each  other  is  then  166/938  x  17/938  -  0*0032*  Since  the  proba¬ 
bility  of  a  single  coincidence  is  so  email  it  is  reasonable  to  expect 
the  coincidence  to  follow  a  Poisson  distribution*  In  a  Poisson  dis¬ 


tribution,  the  probability,  "P"  of  obtaining  "r"  successes  in  "n" 
trials  is 

where  p  is  the  probability  of  a  single  success*  22) 


We  would  like  to  know  the  probability  of  obtaining  13  or  more 
coincidences*  To  do  this  we  must  sun  the  individual  probabilities 
frao  13  coincidences  to  938  coincidences*  Thus  the  probability  of 
13  or  more  coincidences  is  given  by 


This  may  be  approximated  with  very  little  error  by 
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if  the  nteiber  of  samples  is  sufficiently  large.  The  error  in  thi6 
case  would  be  less  than  , 
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22 X  For  the  938  sample  days  in  ray  case  the  important  factor  in  this 
expression  is  e938  .  p 939  or  approximately  (2*715  x  0.0032)938  • 
(0.0087)938  iq-1876.  The  error  in  ■ftps  approximation  is  therefore 
negligible* 


Referring  to  Molina's  tables  of  the  Poisson  summations,  the 
probability  for  13  or  more  coincidences  when  the  most  probably  number 
of  coincidences,  !np),  is  (938)  (0.0032)  or  3<-03  is  given  as  0.000018 
or  1*8  x  lQr*5o  23) 


Since  the  pzobabllity  is  as  email  as  it  is,  there  is  little  doubt 
that  the  coincidences  are  real  and  not  chance  occurrences*  Therefore, 
there  is  almost  certainly  a  definite  physical  relationship  between  the 
yellow  lino  and  flares* 
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IV.  CONCLUSIONS  AND  SPECULATIONS 


Since  about  70%  of  the  yellow  line  cases  considered  occurred  either 
with  a  flare  or  within  two  days  of  a  flare,  and  toe  ether  30?  could  quite 
easily  have  had  unobserved  flares  associated  with  them,  it  might  bo 
possible  to  predict  the  arrival  of  a  flara-producing  region  by  observa¬ 
tions  of  the  yellow  line  at  the  east  limb  cf  the  sun.  This  would  be 
especially  advantageous  in  the  winter  when  weather  conditions  restrict 
continuous  flare  observations..  The  life  of  the  yellow  line  is  long  com¬ 
pared  to  the  life  of  a  flare  and  so  only  a  ten-minute  coronal  observation 
daily'  probably  would  be  sufficient’  to  detect  the  yellow  line  while  the 
chances  of  detecting  a  flare  in  even  a  few  hours*  observations  would  not 
be  very  good..  A  prediction  of  this  sort  would  be  a  great  help  to  the 
radio  warning  services  whose  results  depend  strongly  upon  knowing  when 
flare  regions  are  present. 

The  prominences  accompanying  the  yellow  line  are  easily  distinguish¬ 
able  from  prominences  in  general,  by  tneir  shape  and  motion.  It  may  be 
possible,  therefore,  to  predict  the  presence  of  the  yellow  line  by 
observations  cf  die  prominences  alone-  Prominences  are  visible  through 
light  cirrus  clouds  arid  dust  conditions  that  render  the  observation  of 
the  corona  impossible This  would,  of  course,  be  o'*  great  practical 
significance.  There  are  indications  tr.at  tire  red  and  green  coronal  lines 
have  maxima  at  the  same  time  as  the  yellow  line  appears  and  so  it  might 
be  possible  to  estimate  the  conditions  in  the  corona  at  times  when  direct 
observations  are  not  possible.  I  strongly  recommend  an  investigation  into 
the  relationships  between  the  red  and  green  li_r.es  and  the  yellow-line 
prominences.  If  such  a  relationship  is  established  -quantitatively,  it 
too  would  be  a  great  help  to  the  radio  propagation  services,  since  a 
knowledge  of  the  conditions  in  the  corona  are  needed  to  make  good 
predictions. 
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